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(54) Device for exposing tiie peripheral area of a semiconductor wafer 



(57) A device for e^q^osure of the peripheral area of 
a wafer with a snnall shape and at low costs in which, 
using a device for stepped exposure of the peripheral 
area of a wafer, the peripheral area of a wafer can be 
exposed in a ring shape. A wafer to which resist has 
been applied is placed on a rotary support and rotated 
onca The seated state of the wafer and a singular ori- 
enting shape such as an Ori-Ra or the like are deter- 
mined. Based on this information, the wafer is 
positioned in a given position. Then, the rotary support 
is moved by means of an X-Y support and exposure is 
performed. If the coordinates of the center of rotation 
(X©, Y©) are taken accurately a ring shape is 
approached in practice (if. for example, © = 0.1*" and for 
a polygon with 3600 comers a circle is approached), 
there is no problem. Two exposure devices are not nec- 
essary, specifically one device for stepped exposure of 
the peripheral area of a wafer and one device for ring- 
shaped exposure of the peripheral area. The peripheral 
area of the wafer can be exposed both in a step-shape 
and also ring-shape with a single device. Therefore the 
area occupied by the device can be reduced, as can 
equipment costs. In the case of stepped exposure of 
one part of the peripheral area of the wafer and ring- 
shaped exposure of the other part thereof, the wafer 
need not be transported. Furthermore, the peripheral 
edge of the wafer need be determined only once. 
Therefore throughput can be increased. Using a device 
for stepped exposure of the peripheral area of the wafer, 
the peripheral area of the wafer can be exposed in a ring 
shape without using a memory with a high capacity. The 
peripheral area of the wafer can be exposed in a ring 



shape without bringing the wafer center and the center 
of the rotary support into agreement with one another. 
Therefore a centering device is unnecessary. The 
centering process is eliminated. Thus both the device 
and actuation can be simplified. 

FIG. 10 
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[0001] The invention relates to a device for exposing 
the peripheral area of a wafer which is used to remove 
unnecessary resist on the wafer in the development s 
process. The invention relates especially to a device for 
exposing the peripheral area of a wafer in which the 
peripheral area of a wafer can be exposed in a step 
shape and ring shape. 

[0002] In the production of a semiconductor device, io 
such as an IC. LSI or the like, photoresist, hereinafter 
called resist, is applied to the surface of a semiconduc- 
tor wafer (hereinafter called a "wafer"), such as a silicon 
wafer or the like. In the way. a circuit pattern is formed. 
[0003] The peripheral area of a wafer, however, is is 
rarely used as a area in which the pattern is formed. In 
the case in which the resist is a positive resist, therefore, 
the peripheral area is not exposed, and as a result, the 
resist remains even after development in the peripheral 
area. This resist which has remained in the peripheral 20 
area causes impurities in peripheral devices and on the 
wafer surface, and thus, a reduction of yield due to loos- 
ening or the like during transport and holding of the 
wafer. 

[0004] To remove the unnecessary resist in the 25 
peripheral area of a wafer in the development process, 
a process of exposure of the peripheral area of the 
wafer is undertaken in which, regardless of the process 
of exposure in the area in which the pattern is formed, 
the unnecessary resist is removed in the peripheral 30 



cuea. 

[0005] To expose the peripheral area of a wafer usu- 
ally the processes described below were carried out: 

(1) The peripheral area of a wafer is irradiated with 3S 
exposure light as the outlet end from which the 
exposure light emerges or the wafer is moved par- 
allel to the wafer surface in orthogonally intersect- 
ing directions. The peripheral area of a wafer, as is 
shown in Fig. 14(a). is exposed in a step-shaped 40 
manner (hereinafter, this exposure process is 
called "stepped exposure"). 

(2) The peripheral area of a wafer is irradiated with 
exposure light as the wafer to which the resist has 
been applied is turned. The overall periphery or 45 
part of the periphery of the wafer is exposed in a 
ring-shape, as Is illustrated in Figure 14(b) & (c) 
(hereinafter, this exposure process is called "ring- 
shaped exposure"). 

50 

[0006] The stepped exposure described above in (1) 
is often used for exposure of the peripheral area when a 
circuit pattern is exposed in steps using a reduction pro- 
jection exposure process of the stepper type on the 
wafer, in this stepwise exposure, several circuit patterns 55 
are formed on the wafer, each of which corresponds to 
a chip. The peripheral area of the region to be exposed 
in which the circuit pattern is formed is therefore step- 



shaped. This shape changes differently according to the 
exposure pattern. 

[0007] In the peripheral area of the wafer, therefore, a 
stepped, unexposed area is formed. Therefore, the 
region with the unnecessary resist becomes stepped. 
This unnecessary resist causes a drop in yield due to 
loosening or the like, as was described above. The 
peripheral area of a wafer is therefore exposed by the 
process described above in (1) in steps so that creation 
of an area on the wafer which is not exposed is pre- 
vented. 

[0008] Recently, there has been more and more often 
a demand for exposure of the peripheral area of a wafer 
in which, with simultaneous use of the stepped expo- 
sure and ring-shaped exposure, part of the peripheral 
area of the wafer is exposed in a step shape and the 
other part thereof is exposed In a ring shape, as is illus- 
trated in Figure 1 4(d). 

[0009] To meet this demand, conventionally, a expo- 
sure device as described, for example, in Japanese pat- 
ent disclosure document HEI 4-291938 for stepped 
exposure of the peripheral area of a wafer and a expo- 
sure device as described, for example, in Japanese pat- 
ent disclosure document HEI 2-1114 (US patent 
4.899,195) for ring-shaped exposure of the peripheral 
area of a wafer were used. i.e. two exposure processes. 
Here, using two processes in which, using one of the 
devices some of the peripheral area of a wafer is 
exposed, for example, in a step shape, then the wafer is 
transported to the other device and the remainder of the 
peripheral area of the wafer is exposed in a ring shape, 
exposure of the entire peripheral area was produced. 
[001 0] However, the atx)ve described prior art has the 
following defects: 

(1) It is necessary to have two exposure devices, 
i.e.. one exposure device for stepped exposure of 
the peripheral area of a wafer and one exposure 
device for ring-shaped exposure of the peripheral 
area of a wafer. Therefore, the floor space occupied 
by the exposure devices in a dean room becomes 
larger. 

(2) It is necessary, after placing the wafer on one of 
the exposure devices, to determine the seated state 
of the wafer and to position it. and after exposure, to 
transport the wafer to the other exposure device. 
Furthermore, it is necessary, afterwards, again to 
determine the seated state of the wafer and to posi- 
tion and expose it There are. therefore, more work- 
ing processes. 

(3) To carry out the atxjve described exposure in 
the same station, it can be imagined that using one 
exposure device for stepped exposure of the 
peripheral area of a wafer, the peripheral area of 
the wafer is exposed in a ring shape. In the stepped 
exposure in which exposure is performed along the 
outside edge of the circuit pattern, however, there is 
a requirement for exposure accuracy with high 
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image resolution. Thererore, a large, heavy projec- 
tion lens with high resolution is used. As a result, 
the exposure light exit end can, in principle, not 
move. Ring-shaped exposure using the conven- 
tional "copying method" in which the peripheral 5 
edge of a wafer is determined, and at the same 
time, the exposure light exit end is moved, there- 
fore, can not be done. 

[0011] On the other hand, in stepped exposure of the 10 
peripheral area of a wafer, if the width of the steps is 
reduced and the number of steps is inaeased. the area 
to be exposed can be made roughly ring-shaped. In this 
case, however, it is necessary to input a large amount of 
coordinate data. Data input is tedious. Furthermore, as is 
a result of the enormously large amount of data, a stor- 
age device with a large capacity is required. 
[0012] tn addition, it can be considered a disadvan- 
tage that a long treatment time is needed if a MPU 
which enables fast treatment is not used. 20 
[0013] If the resolution capacity of the atx)ve 
desaibed data is reduced, the akxsve described defects 
tend to be eliminated. Instead, however, microscopically 
small steps form on the border of the area exposed in a 
ring-shape, and proceeding from this lx)rder area loos- 25 
ening of the resist occurs. 

[0014] To eliminate the at>ove described defects, one 
of the present applicants, together with others, has 
already proposed a device for exposure of the periph- 
eral area of a wafer (Japanese patent disclosure docu- 30 
ment HE I 8-161443 and commonly assigned U.S. 
Patent Application 08/794.829). Here, in a first station, 
there is an irradiation part for step-shaped exposure, in 
a second station there is an irradiation part for ring- 
shaped exposure, the peripheral area of the wafer 35 
seated on the rotary support in the first station is 
exposed in a step shape, the rotary support is moved to 
the second station and the peripheral area of the wafer 
is exposed in a ring shape. 

[0015] In the akxive described device, however, there 40 
was the disadvantage that a large device is needed 
because there is an irradiation part for stepped expo- 
sure and there is an Irradiation part for ring-shaped 
exposure. In the first station, step-shaped exposure is 
performed, then the rotary support is moved to the sec- 45 
ond station and ring-shaped exposure is performed. 
Conventional ring-shaped exposure of the peripheral 
area is performed only after the wafer has been cen- 
tered. Therefore, a centering device necessarily had to 
be used. so 
[0016] The invention was devised to eliminate the 
atx)ve described defects in the prior art Therefore, a 
primary object of the present invention is to devise a 
device for exposure of the peripheral area of a wafer 
with a small shape and low costs, in which a device for ss 
stepped exposure of the peripheral area of a wafer can 
be used for exposing the peripheral area of the wafer in 
a ring shape, and in which neither a device to bring the 



wafer center into agreement with the center of rotation 
of the rotary support on which the wafer is located, nor 
a high capacity storage, are necessary. This object is 
achieved using a device for stepped exposure of the 
peripheral area of the wafer as described in claim 1. 
Preferred enibodiments can be taken from the sub- 
claims. 

[001 7] In short, the above object is achieved with a 
device with which the peripheral area of the wafer can 
be exposed in a ring shape without moving the expo- 
sure light irradiation part and without bringing the wafer 
center and the center of the rotary support into agree- 
ment. Therefore, the need for an arrangement of a 
centering device for this purpose and a centering proc- 
ess can be eliminated and actuation of the device can 
be simplified. 

[0018] In the following detailed description, the inven- 
tion is explained using several embodiments shown in 
the drawings: 

Fig. 1 shows a schematic of the arrangement of one 
embodiment of a device in accordance with the 
invention for exposure of the peripheral area of a 
wafer; 

Rg. 2 is a schematic diagram of ring-shaped expo- 
sure of the peripheral area of the wafer (in the start 
position for exposure): 

Rg. 3 is a view similar to that of Rg. 2 but showing 
exposure of the peripheral area of the wafer when 
the rotary support is turned by 0 degrees; 
Rg. 4 shows a schematic of ring-shaped exposure 
of the peripheral area of the wafer (when the rotary 
support moves); 

Rg. 5 shows a schematic of the computational 

basis of formulas (1) and (2); 

Rgs. 6(a) and (b) each show a schematic of the 

area to be exposed and the alignment marks of the 

wafer; 

Rgs. 7(a) and (b) each show a schematk; of one 
example of the arrangement of the exposure light 

exit part; 

Rg. 8 shows a schematic of one example of the 
arrangement of the alignment unit; 
Rg. 9 shows a schematic of one exanple of the 
arrangement of a CCD line sensor; 
Rg. 10 shows a schematic of the specific arrange- 
ment of the device for exposing the peripheral area 
of a wafer; 

Rg. 1 1 shows a schematic of the arrangement of 
the control device; 

Rgs. 12(a) to (e) each show a schematic of a 
respective step in the operation of the device for 
exposing the peripheral area of a wafer in one 
embodiment of the invention; 
Rgs. 13(a) and (b) each show a schematic of one 
example of the exposure sequence in stepped 
exposure of the peripheral area of a wafer; 
Rgs. 14(a) to (d) each show a schematic of the 
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area of the peripheral area of a wafer to be 
exposed. 

[001 9] Fig. 1 is a schematic of the arrangement of one 
embodiment of the device in accordance with the 
present invention for exposing the peripheral area of a 
wafer. In Fig. 1. reference letters RS indicate a rotary 
support on which a wafer W is placed and held by 
means of a vacuum chuck or the like, and which is 
transported by a wafer transport system WCV. Here, no 
centering of the wafer center with respect to the center 
of the rotary support RS is performed. 
[0020] For ring-shaped exposure of the peripheral 
area of wafer W using a device for stepped exposure, by 
moving the wafer in two orthogonally intersecting direc- is 
tions (hereinafter called the "X-Y directions"), the rotary 
support RS is placed on an X-Y support XYS which 
moves the wafer W in the X-Y direction, and the X-Y 
support XYS and the rotary support RS are controlled in 
the .manner described below: 20 
[0021 ] It is assumed that the wafer W and the rotary 
support RS are located, for example, in the positional 
relationship shown in Rg. 2. Oc is the center of the 
wafer W. r is the distance between the center of rotation 
Or of the rotary support RS and the wafer center Oc, 2S 
and R is the distance between the exposure light U (the 
location at which the light emerging from the exposure 
irradiation part is emitted) and the wafer center Oc. 
[0022] The rotary support RS Is located on the X-Y 
support and can be moved in two orthogonally inter- 30 
secting directions. The location of the rotary support RS 
at which the wafer W is attached can t>e turned around 
the center of rotation Or. 

[0023] A is the location of the wafer W at which expo- 
sure is started, from which the X-Y support XYS is sut>- 35 
jected to drive control such that the exposure light U 
circles once relative to the periphery of the wafer W, 
while the rotary support RS turns once around the 
center of rotation Or. In this way, the position of the 
wafer W is shifted. 40 
[0024] For this reason, the position of the wafer W is 
moved by the X-Y support such that the distance R 
between the wafer center Oc and the exposure light U is 
always constant while the rotary support RS is turned 
around the center of rotation Or by © degrees. This 4S 
means that the X-Y support XYS is subjected to drive 
control such that, during rotation of the rotary support 
RS, the position of the wafer center Oc does not 
change. 

[0025] Fig. 3 is a schematic of the state in which, pro- so 
ceeding from the state shown in Fig. 2, the rotary sup- 
port RS has been moved around the center of rotation 
Or clockwise by © degrees, the wafer W moving from 
position (1) to position (2). so that the wafer center Oc, 
when exposure starts, executes a clockwise rotary ss 
motion by © degrees in a circular path of radius R 
around the center of rotation Or of the rotary support RS 
and reaches the position Oc* (the angle which is 



and the segment Oc'-Or 



included by the segment ( 
is©). 

[0026] To satisfy the above described condition that 
the distance R between the wafer center Oc and the 
exposure light U remains constant, it is necessary to 
execute a drive control of the X-Y support XYS so as to 
move the rotary support RS on which wafer W is held 
and to bring the wafer cerrter Oc' which has l^een shifted 
according to Rg. 3 into agreement with the position of 
the wafer center Oc when exposure starts, as is shown 
in Rg. 4. For this reason, the wafer W is moved from 
position (2) to position (3) (the rotary support RS is 
moved from position (a) to position (b)) Emd the center of 
rotation Or of the rotary support RS is moved to positk>n 
Or*. 

[0027] As is apparent from Fig. 4, the segment Oc'-Or 
arxJ the segment Oc-Or* are parallel to one another. 
Both the angle between the segment Or'-Oc ard the 
segment Oc-Or as well as the angle between the seg- 
ment Or-Oc and the segment Oc*-Or are ©. Or* is 
moved to a position whk:h results from the center of 
rotation Or of the rotary support RS being turned arKi 
moved clockwise by © degrees around the wafer center 
Oc when exposure starts. 

[0028] Consequently, the rotary support RS is moved 
and controlled by the X-Y support XYS such that, when 
exposure starts, the center of rotation Or of the rotary 
support RS is turned by © degrees around the wafer 
center Oc when the rotary support RS tums around the 
center of rotation Or by © degrees. 
[0029] Specifically, the rotary support RS is driven in 
the manner described below: 

(1) The coordinates of the wafer center Oc when 
exposure starts are defined as the origin (0, 0). 
Thus, a wafer coordinate system is defined, the X- 
direction of the X-Y support being designated the 
X-axis and the Y-direction off the X-Y support being 
designated the Y-axis. 

(2) The coordinates of the center off rotation Or of 
the rotary support RS when exposure starts are 
fixed at (Xo, Yo). 

(3) The X-Y support is moved and controlled at the 
same time in the X-direction and the Y-direction 
such that the coordinates (X©, Y©) of the center of 
rotation Or of the rotary support RS in the wafer 
coordinate system, in the case of rotation of the 
ix)tary support RS around the center off rotatk)n Or 
by © degrees, satisfy the following conditions (1) 
and (2): 



X© - Xo • cos© + Yo • sin© 



Y© o Yo • cos© - Xo • sin© 



(1) 
(2) 



[0030] This means that Xo and Yo are represented by 
the formulas desaibed below, when the coordinates of 
the center of rotation Or are (Xo, Yo), for which in an X- 
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Y coordinate system in whicn the wafer center Oc is at 
the origin (0. 0), the angle between a line which has a 
distance r from the wafer center Oc and which connects 
the center of rotation Or to the wafer center Oc. and the 
X-axis is at A. as is illustrated in Fig. 5, is: 5 

XosrcosA 

Yo B rsirtA 

10 

[0031] When proceeding from this state, the coordi- 
nates of the center of rotation Or upon rotation dock- 
wise by an angle e are p(0. Y0). with Xe and Ye being 
represented by the following formulas: 

IS 

xe = rcos (A - e) 

Ye = rsin (A - 0) 

[0032] Here, with respect to xe and Ye. the following 20 
is obtained: 



Xe = rcos(A-e) 

= r (cos A • cos e + sin A • sin e) 

as r cos A • cos e + r sin A • sin e 



Y© = r sin (A - 0) 

= r (sin A • cos © - cos A • sin e) 

s= r sin A • cos e - r cos A * sin e 



25 



30 



[0033] As was described above, Xe and Ye are rep- 
resented by formulas (1) and (2) because Xo = rcosA 

and Yo = rsinA. 

[0034] The center of rotation Or of the rotary support 
RS is turned once by the above described control on a ss 
circle C with radius r in which the wafer center Oc fornns 
the center of the circle, while the rotary support RS 
turns once. 

[0035] In this way. using a device for stepped expo- 
sure of the peripheral area of the wafer, by means of the 40 
above described control, the peripheral area of the 
wafer W can be exposed in a ring shape without moving 
the exposure light in^diation part. Furthermore, ring- 
shaped exposure of the peripheral area of the wafer can 
be done without bringing the wafer center and the 45 
center of the rotary support into agreement. Therefore 
the need for an arrangement of a cerrtering device Ibr 
this purpose and a centering process can be eliminated 
and actuation of the device can be simplified. 
[0036] Figs. 6(a) and (b) each schematically show an so 
area of wafer W to be exposed as well as alignment 
marks, the wafer W having an orientation flat OF which 
shows the crystal direction of the wafer W and which 
hereinafter is called "Ori-FIa" (Fig. 6(a)). In the alterna- 
tive, the crystal orientation is mark by a peripheral ss 
"notch" N (Rg. 6(b)). 

[0037] A circuit pattern is formed such that it proceeds 
from the Ori-Ra OF or from the notch N. In stepped 



exposure of the peripheral area of the wafer W. there- 
fore, rough positioning is produced using the Ori-FIa OF 
or notch N, aftennrards exact positioning is produced 
using the alignment marks WAM1 and WAM2 recorded 
on the wafer W. aftenvhich exposure is produced. 
[0038] In Fig. 1. a rotary drive device M is shown 
which turns the rotary support RS and which is located 
on the X-Y support XYS which moves in the X-Y direc- 
tions (X: for example, to the right and left in Rg. 1 ; Y: for 
exanple. to the front and back in Fig. 1). 
[0039] When the X-Y support XYS is driven by means 
of the X-Y support drive devtoe SD. the rotary support 
RS moves together with the rotary drive device M in the 
X-Y directions. The X-Y support and the X-Y support 
drive device SD can also be made integral with one 
another. 

[0040] Furthermore, reference an exposure light 
source is comprised of a lamp which emits UV radiation, 
a focussing mirror, an integrator lens, a condenser lens, 
a filter, a shutter SH1 which is driven by means of a 
shutter drive device SCI, and the like. The exposure 
light emitted from the exposure light source LH1 is. if the 
shutter SHI is open, routed via optical fibers LF1 to an 
exposure light exit part L01 . The exposure light emitted 
from the exposure light source LH1 exposes the periph- 
eral area of the wafer W both in a step-shape and ring- 
shape, as described below. 

[0041 ] Figs. 7(a) and (b) each schematically show one 
example of the arrangement of the exposure light exit 
part LOl . The exposure light exit part LOl has a lens LI 
and a lens L2, as is illustrated in Fig. 7 (a), fbcusses the 
light emitted by the optical fibers LF1 through lenses L1 
and L2 and emits it onto the wafer W. The exposure light 
exit part can also have mirrors instead of lenses. The 
area irradiated by the exposure light exit part L01 has a 
shape similar to the face of the optical fibers LF1 . 
[0042] Fig. 7(b) shows the shape of the face of the 
optical fibers LF1 which supply exposure light to the 
exposure light exit part LOl . The optk;al fibers LF1 , are, 
as shown in the drawing, k)cated in a direction sloped by 
45"*. The area irradiated by the exposure light exit part 
LOl , therefore, also has the shape shown in Rg. 7(b). 
[0043] Stepped exposure with a uniform amount of 
exposure can be produced by this shape of the area 
irradiated by the exposure light exit part LOl. At the 
same time, the area which can be treated by scanning 
can be widened and the irradiation time shortened (the 
details are described in the already filed Japanese 
application JP-OS HEI 8-102439). 
[0044] In Fig. 1. an alignment unit AU is shown by 
which positioning of the area of tiie wafer W to be 
exposed is performed, as is described below. 
[0045] Fig. 8 shows a schematic of one example of the 
arrangement of ttie alignment unit AU. The alignment 
unit AU consists of a nonexposure light irradiation 
device LL1 which emits nonexposure light a half mirror 
HM, lenses L3 and L4, and an Image recording element 
IMS such as a CCD camera or the like. 
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[0046] The nonexposure light emitted by the nonexpo- 
sure light irradiation device LL1 is emitted via the half 
mirror HM onto the wafer W; its reflection light is 
received via the half mirror HM, the lens L4 and lens L3 
by the image reoording element IMS. 
[0047] In Rg. 1 , a CCD line sensor LS is comprised of 
a light source LL2 which emits parallel nonexposure 
light, and a CCD array CL which receives the light emit- 
ted from the light source LL2, as is illustrated, for exam- 
ple, in Fig. 9. The light emitted by the light source LL2 is 
partially shielded by the peripheral edge of the wafer W. 
The light travelling on the outside of the peripheral edge 
is received by the CCD array CL This means that the 
position of the peripheral edge of the wafer W can be 
determined depending on which pixel of the CCD anray 
CL has received the light. I=br LS, not only a CCD line 
sensor, but any other device can be used if it can deter- 
mine the peripheral edge of the wafer W based on the 
change in the amount of received light. 
[0048] By observing the change of outputs of the CCD 
array as the wafer W turns, the position of the Ori-Fla 
OF (or the position of the notch of the wafer W and a 
measure of the deviation of the center of the wafer W 
from the center of rotation Or of the rotary support BS 
can be determined. To compute the amount of this devi- 
ation, for example, the process disclosed in Japanese 
patent disclosure document HEI 3-108315 (US Patent 
5.168,021) can be used. 

[0049] Fig. 1 0 shows a schematic of the arrangement 
of the above described device for exposure of the 
peripheral area of a wafer. In the Rg.10, the positional 
relationship is shown between the rotary support RS, 
the exposure light exit part L01 and the like when the 
peripheral area of a wafer is exposed. In Rg. 10, the 
same parts as in Rg. 1 are provided with the same ref- 
erence numbers. 

[0050] In Rg. 10, an exposure light exit part LOI . an 
alignment unit AU and a CCD line sensor LS, are 
installed with variable position in a frame (not shown) 
arranged as shown in the drawings. Furtiiermore, a 
rotary support RS. a rotary drive device M which drives 
the rotary support RS, and X-Y support XYS on which 
the rotary drive device M is located and which moves in 
the direction of the arrows in the figure are shown. 
[0051 ] For stepped exposure of the peripheral area of 
the wafer, the rotation of the rotary support RS is 
stopped and the peripheral area of the wafer is irradi- 
ated with the exposure light from the exposure light exit 
part LOI by moving the wafer by means of the X-Y sup- 
port XYS in the X-Y directions. 
[0052] For ring-shaped exposure of the peripheral 
area of the wafer, the rotary support RS is turned by 
controlling the position of the X-Y support XYS so that 
the distance between the center of the wafer W and the 
exit part always remains constant, as was described 
above. 

[0053] Rg. 1 1 shows a schematic of tiie arrangements 
of a computing means in a control device Cnt which has 
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a first computing means^i. a second computing 
means B2. a third computing means B3 and a memory 
Mem. In the memory Mem. the coordinate system per- 
pendicular to the directions of movement of the X-Y 
support and the coordinates of the exposure light exit 
part LOI. the alignment unit AU and the CCD line sen- 
sor LS are set and stored beforehand. 
[0054] The first computing means B1. based on the 
outputs of the CCD line sensor LS. computes the posi- 
tion of the peripheral edge of the wafer, the position of 
the singular point (Ori-Fla OF or notch N) which is 
formed in the peripheral area of tiie wafer, and the 
amount of deviation r of the position of the center of 
rotation Or of the rotary support RS from the position of 
the wafer center Oc. 

[0055] The second computing means B2. based on 
tiie position coordinates of the alignment marks deter- 
mined by the alignment unit AU. k>ased on the amount of 
deviation r determined by the first computing means B1 , 
based on the information about the position of the 
peripheral edge of the wafer and k>ased on the position 
of the Ori-Ra (or the notch N), conrtputes the position of 
the X-Y support XYS and tiie angle of rotation of the 
rotary support RS in stepped exposure of tiie peripheral 
area of the wafer W. 

[0056] The third computing means B3. based on the 
predetermined exposure width k. proceeding from the 
peripheral edge of the wafer W, based on the amount of 
the deviation r determined by the first computing 
means, furthermore based on the information about the 
position of the per'^sheral edge of the wafer and about 
tiie position of the Ori-Fla OF (or the notch N). com- 
putes the position coordinates of the center of rotation 
Or of the rotary support RS when the peripheral area of 
tiie wafer is exposed in a ring shape. 
[0057] The memory Mem stores information, deter- 
mined by the CCD array CL, on the position of tiie 
peripheral edge, tiie amount of deviation r of the posi- 
tion of the wafer center Oc determined by the first com- 
puter means 81. the position of the singular point 
formed in the peripheral area of the wafer (Ori-Ra OF or 
notch NO, the predetermined exposure width K the posi- 
tion coordinates of the center of rotation Or of the rotary 
support RS or the like determined by tiie third comput- 
ing means. 

[0058] For stepped exposure of the peripheral area of 
the wafer, tiie control device Cnt based on the outputs 
of the second computer means B2, controls the position 
of the X-Y support XYS and the angle of rotation of the 
rotary support RS to defined values, and the exposure 
light from the exposure light irradiation means is emitted 
onto the wafer. 

[0059] For ring-shaped exposure of the peripheral 
area of the wafer, the position coordinates of the center 
of rotation Or of the rotary support RS determined by 
the third computing means B3 are stored in the memory 
Mem. the angle of rotation e of the rotary support RS 
which is output by a coder (not shown) located in the 
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rotary support drive devic^Tf is read in, the position 
coordinates of the center of rotation Or of the rotary 
support RS which correspond to the angle of rotation 0 
are read out by the memory Mem. the position of the X- 
Y support XYS and the angle of rotation of rotary sup- 5 
port RS are controlled to predetermined values and the 
exposure light from the exposure light irradiation means 
is enrvtted onto the wafer. 

[0080] In the following, exposure of the peripheral 
area of the wafer in this embodiment is described using 10 
Figs. 12(a) to (e) which schematically show a respective 
stage in the operation of the device for exposure of the 
peripheral area of the wafer in this embodiment 

A. Step-shaped exposure of the peripheral area of the is 
wafer 

[0061] As was shown atxyve in Rg. 14(a). in stepped 
exposure of the peripheral area of the wafer rough posi- 
tioning is done proceeding from the Ori-Ra OF or notch 20 
N. aftenArards exact positioning is performed proceeding 
from the alignment marks WAMI and WAM2 recorded 
on the wafer W, and exposure is produced. In the follow- 
ing, mainly exposure of the peripheral area off a wafer 
provided with Ori-FIa is described. However, the same 2S 
process can be carried out in a wafer provided with a 
notch. Furthermore, in conjunction with the ring-shaped 
exposure of the peripheral area of the wafer described 
below, one part can be exposed in a step-shape and the 
other part in a ring-shape. 30 

(1) Determination of the peripheral edge 

[0062] The X-Y support XYS is driven by means of the 
X-Y support drive device SD and the rotary support RS 35 
is moved into the position shown in Fig. 12(a) and 
receives the wafer W transported by the wafer transport 
system WCV shown above in Fig. 1 . 
[0063] The wafer W is placed in a stipulated position 
of the rotary support RS and is attached by means of a 40 
vacuum chuck or the lika The position of the wafer W 
has minor deviations when the wafer W is transported. 
As a result of these deviations, the center Oc of the 
wafer W does not always agree with tine center of rota- 
tion Or of the rotary support RS. In spite of these minor 45 
deviations, however, no centering is performed. 
[0064] The X-Y support XYS is driven by nneans of the 
X-Y support drive device SD and the rotary support RS 
is moved into the position shown in Fig. 12(b) and tums 
the wafer W once around in a circle. During rotation of so 
the wafer W, the position of the peripheral edge of the 
wafer W is determined by the CCD line sensor LS. The 
information on the peripheral edge position of the wafer 
W determined by the CCD line sensor LS is sent to the 
control device Cnt shown in Rg. 1. and is stored in the ss 
memory Mem located in tiie control device Cnt 
[0065] Based on information on the peripheral edge 
position of tiie wafer W stored in the memory Mem, the 
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control device CNT delimtines the amount of the devi- 
ation r of the center Oc of the wafer W from the center 
of rotation Or of the rotary support RS. and furthermore, 
determines the position of the Ori-FIa OF (or notch N) of 
the wafer W and stores it. The above described amount 
of deviation r delivers information about the coordinates 
of the center Oc of the wafer W and information about 
the distance between the center Oc of the wafer W and 
the center of rotation Or of the rotary support RS. 

(2) Movement towards the exposure position 

[0066] Based on the above described computed data, 
the drive of the rotary drive device M turns the rotary 
support RS until the Ori-Ra OF is parallel to the X-axis 
of the X-Y coordinate system shown in Rg. 12. 
[0067] If the wafer W is provided with a notch, tfie 
rotary support RS is turned until the line which forms 
between tfie notch N and the center of tiie wafer W is 
parallel to the Y-axis. 

[0068] As was described above, in the exposure of tiie 
peripheral area of the wafer W. the positioning of ttie 
area to be exposed is performed in two steps. This 
means that first of all. positioning is done proceeding 
from the Ori-FIa OF or notch N and next positioning is 
performed based on tfie alignment marks. 
[0069] The reason for this is the following: 
[0070] The circuit pattern is made in a predetermined 
position witii reference to the Ori-FIa OF or the notch N. 
Since errors can occur depending on the accuracy in 
the pattern formation process which takes place before 
the process of exposure of the peripheral area of tiie 
wafer, with respect to the positional relationship 
between the location at which the pattern is formed and 
the Ori-FIa OF or notch F, it is a good idea to position the 
area to be exposed proceeding from the alignment 
marks in order to achieve stepped exposure with high 
precision. 

[0071] The control device Cnt. based on the above 
descnl^ed amount of deviation r and based on the infor- 
mation stored beforehand in the control device Cnt on 
the position of the alignment mark WAM1 on the wafer 
W (as already described in Rg. 6), determines tiie 
amount of motion of the rotary support RS. by means of 
tfie X-Y support drive device SD, moves the rotary sup- 
port RS so that the alignment mark WAM1 recorded on 
the wafer W (as shown in Fig. 6) extends into the visual 
fiekl of the alignment unit AU, as is shown in Fig. 12(c) 
using the solid line. Since the atx>ve described enrors of 
the location at which the pattern is formed are not as 
large as the alignment mark is outside of this visual 
field, it can be assumed that correction of the angular 
direction with which the alignment mark WAM1 is to 
extend into the visual field of the alignment unit AU has 
already taken place. 

[0072] Next, nonexposure light is emitted from the 
nonexposure light irradiation device LL1 (as shown in 
Fig. 8) of the alignment unit AU. The position coordi- 
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nates of the alignment mark WAM1 are determined and 
stored by the image recording element IMS. 
[0073] The control device Cnt moves the rotary sup- 
port RS by means of the X-Y support drive device SD by 
an amount which corresponds to the distance between 
the alignment mark WAM1 and the alignment mark 
WAM2 in the X-directoon so that the alignment mark 
WAM2 recorded on the wafer W extends into the visual 
field of the alignment unit AU, as is shown in Fig. 12(c) 
using the dot- dash line. 

[0074] Then, nonexposure light is emitted from the 
nonexposure light irradiation device LL1 (as shown in 
Rg. 8) of the angnmert unit AU. The posltk>n coordi- 
nates of the alignment mark WAM2 are detemnined and 
stored by means of the image recording element IMS. 
[0075] Based on the position coordinates of the align- 
ment marks WAM1 and WAM2 determined in the above 
described manner and based on the stored information 
on the position of the two alignment marks, the control 
device Cnt computes the amount of rotation and the 
amount of motion of the rotary support RS. turns the 
rotary support RS such that the alignment marks WAM 1 
and WAM2 are positioned on the wafer W at predeter- 
mined points, drives the X-Y support XYS. and moves 
the rotary support RS. 

[0076] The above described process is repeated until 
the difference between the actual positions of the align- 
ment marks WAM1 and WAM2 on the wafer W and the 
preset positions thereof lie within a given value. If the 
difference is within this given value, the emission of non- 
exposure light from the nonexposure light irradiation 
device LL1 is stopped. 

[0077] Since it is enough if the alignment marks 
WAM1 and WAM2 are located in a stipulated positional 
relationship to the pattern, two stipulated points in the 
periphery of the pattern which are defined, for example, 
by the intersection points of scribe lines (EP 0767409A) 
can also be used as alignment marks. 
[0078] For the above described alignment, the method 
described in the already filed patent disclosure docu- 
ment HEl 9-162120 can be used. In this case, for exam- 
ple, the angle of inclination 0 between the line which 
passes through the atK>ve described alignment marks 
WAM1 and WAM2 and the X-axis direction is deter- 
mined and the rotary support RS is turned and nx>ved in 
such a way that the angle of inclination G lies within a 
preset ranga 

[0079] The control device Cnt. based on the above 
described amount of deviation r. computes the amount 
of motion of til e rotary support RS and moves the rotary 
support RS such that the location of the wafer W at 
which stepped exposure is started is irradiated with the 
exit light from the exposure light exit part L01 . as is illus- 
trated in Fig. 12(d). 

(3) Exposure 

[0080] The shutter SHI of the exposure light source 



LH1 (as shown in Rg. 1) isTJpened. The exposure light 
from the exposure light exit part L01 is emitted onto the 
peripheral area of the wafer W and tiius stepped expo- 
sure is started. 

5 [0081] Figs. 13(a) and (b) schematically show one 
exanrple of tiie exposure sequence in stepped e)qx)sure 
of the peripheral area of the wafer W. In this case, the 
wafer W is moved by means of the X-Y support XYS in 
steps in the X-Y directions, first of all, the area shown in 

10 Rg. 1 3(a) being exposed. Next, the wafer W is turned by 
90 degrees and the area shown in dotted lines Rg. 
13(a) is likewise exposed so that ttie total area shown in 
Rg. 13(b) has now been exposed. 
[0082] The control device Cnt moves the rotary sup- 

75 port RS along the step-shaped exposure area stored 
beforehand as shown in Figs. 13(a) and (b) in the X-Y 
directions. Thus, the peripheral area of the wafer W is 
exposed in a step-shape. Rg. 12(e) schematically 
shows the state in which the alcove described stepped 

20 exposure is performed. 

[0083] When the range of motion of the X-Y support 
XYS is wide, or when the area to be exposed in a step 
shape is narrow and exposure without rotation of the 
wafer W is possil)le. exposure need not necessarily be 

25 produced only after the wafer W has been turned in the 
above described manner by 90 degrees at a time. 

B. Ring-shaped exposure of the peripheral area of the 
wafer 

30 

1 . Ring-shaped exposure of a notched wafer 

[0084] In ring-shaped exposure of a notched wafer, 
tiie notch N is ignored, the wafer W is regarded as a 
35 disK and exposure Is performed with a constant width. 
Any exposure starting position can be assumed. 

(1) Peripheral edge determination 

40 [0085] As in A. (1) the rotary support RS is nx)ved into 
the position shown in Rg. 12(a) arKi it receives the wafer 
W transported by the wafer transport system WCV 
shown in Rg. 1 . The wafer W is placed in a predeter- 
mined position on the rotary support RS and is held in 

45 place by means of a vacuum chuck or the like. Even if 
the wafer center and the center of rotation of the rotary 
support deviate from one another, centering is not per- 
formed. 

[0086] Next, the X-Y support drive device SD drives 
50 the X-Y support. The rotary support RS is moved into 
tiie position shown in Rg. 12(b), the wafer W is turned 
once in a circle, and the information determined by the 
CCD line sensor LS about the peripheral edge position 
of the wafer W is stored in the memory Mem located in 
55 the control device Cnt. 

[0087] The control device Cnt, based on the informa- 
tion about the peripheral edge positfon of the wafer W 
stored in the memory Mem. determines the amount r of 
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deviation of the center Oc of the wafer W from the 
center of rotation Or of the rotary support RS, and fur- 
thermore, determines the position of the notch N as a 
singular point and stores it 

[0088] The above described amount of deviation r 
delivers information about the coordinates of the center 
Oc of the wafer W and information about the distance 
between the center Oc of the wafer W and the center of 
rotation of the rotary support RS. 
[0089] As was described above, in the control device 
Cnt. a coordinate system which is pe'pendicular to the 
direction of motion of the X-Y support XYS is defined* 
and furthermore, the exposure width k is set beforehand 
and stored for ring-shaped exposure of the wafer W. 

(2) Motion of the exposure position 

[0090] Based on the above described data, the X-Y 
support XYS is driven such that the peripheral area of 
the wafer W is positioned at a site at which the exposure 
light emerges from the exposure light exit part L01 . The 
wafer W seated on the rotary support RS is moved. This 
motion control is performed based on information about 
the location irradiated with exposure light and the expo- 
sure width k in the above described rectangular coordi- 
nate system (the coordinate system perpendicular to 
the direction of motion of the X-Y support XYS). The 
exposure width k in ring-shaped exposure of the wafer 
is changed by the wafer approaching the site from which 
the exposure light emerges or moves away from this 
site. 

[0091] In the ebove described coordinate system, 
based on the computed amount of deviation r the wafer 
center Oc is defined as the origin of the coordinate sys- 
tem. 

(3) Computation of the coordinates of the center of rota- 
tion Or off the rotary support RS 



control device Cnt. 
(4) Exposure 

5 [0095] The exposure light (the exposure light U as 
shown in Fig. 2) is emitted from the exposure light exit 
part L01 onto the wafer W. The rotary support RS is 
turned and exposure is started proceeding from the 
exposure starting position A (as shown in Fig. 2). 

10 [0096] During exposure the angle of rotation 0 of the 
rotary support RS is determined by means of a coder 
(not shown) of the rotary drive device M. By moving tiie 
X-Y support XYS at the same time In the X-direction 
and Y-direction as far as the position of the stored data 

15 Of the coordinates (X0, Y©) of the center of rotation Or 
of the rotary support RS with reference to the above 
described angle ©, the position of the center of rotation 
Or of the rotary support RS Is subjected to motion con- 
trol. 

20 [0097] The rotation of the wafer W is not limited to a 
single revolution. The wafer can also be turned several 
times and tiie peripheral area of the wafer exposed sev- 
eral times. 

25 2. Ring-shaped exposure of a wafer provkied with Ori- 
Fla 

[0098] In tiie case of ring-shaped exposure of the 
peripheral area of the wafer provided with Ori-Fta OF. as 

30 shown in Rg. 14(b), only the drcular peripheral area of 
tiie wafer W Is exposed In the manner described below. 
The straight region of the peripheral area of the wafer 
provided with Ori-FIa is exposed in the manner already 
described with respect to tiie stepped exposure by the 

35 X-Y support XYS being moved in a straight line pro- 
ceeding from the alignment marks. 

(1) Determination of the peripheral edge 



[0092] In the wafer coordinate system in which the 
wafer center Oc is defined as the origin, based on the 
above described amount of deviation r. the coordinates 
(Xo, Yo) of the center of rotation Or of the rotary support 
RS are stored v/hen exposure starts. 
[0093] The coordinates (X©, Y©) of the center of rota- 
tion Or in the above described coordinate system, in the 
case of rotation of the rotary support RS around the 
center of rotation Or by ©"*. are computed using the fol- 
lowing, already described formulas (1) and (2): 

X© = Xo • cos©+Yo • sin© (1) 

Y0 = Yo • cos© - Xo • sin© (2) 

[0094] The coordinates of the center of rotation Or of 
the rotary support RS which result from the computation 
cam'ed out in the control device Cnt using the aforemen- 
tioned formulas are stored in the mennory Mem of the 



[0099] As in A. (1). tiie wafer W is placed in a prede- 
termined position on the rotary support RS and heki in 
place by means of a vacuum chuck or the like. 
[0100] Next, the X-Y support drive device SD drives 
tiie X-Y support XYS. The rotary support RS is moved 
into the position shown in Rg. 12(b) and turns the wafer 
W once In a circle. The information determined by the 
CCD line sensor LS about the peripheral edge position 
of the wafer W Is stored in the memory Mem located in 
the control device Cnt 

[01 01] The control device Cnt. based on the informa- 
tion about the peripheral edge position of the wafer W 
which was stored in the memory Mem. determines the 
amount of deviation r of the center Oc of the wafer W 
from the center of rotation Or of the rotary support RS. 
determines tine position of the Ori-FIa OF as a singular 
point and stores It. 

[0102] The above described amount of deviation r 
delivers lnfbrmatk>n about the coordinates of the center 
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Oc of the wafer W and informa^on about the distance 
between the center Oc of the wafer W and the center of 
rotation Or of the rotary support RS. 
[0103] As was desalbed above, in the control device 
Cnt. a coordinate system which Is perpendicular to the 
direction of motion of the X*Y support XYS is defined, 
and furthermore, the exposure width k is set beforehand 
and stored for ring-shaped exposure of the wafer W. 

(2) Motion of the exposure position 

[0104] Based on the above computed data, the wafer 
W placed on the rotary support RS Is moved to the site 
from which the exposure light emerges from the expo- 
sure light exit part L01 and is turned at the same time. 
It is preferred that the above described exposure start 
position is identical to one of the two ends of the Ori-FIa 
OF. 

[0105] This motion control is performed based on 
information about the site irradiated with exposure tight 
and the exposure width k in the above described rectan- 
gular coordinate system (the vertical coordinate system 
which corresponds to the direction of motion of the X-Y 
support XYS) and based on information about the angle 
between the exposure starting position and the above 
described singular point (computation of the information 
akx>ut the angle with reference to the singular point is 
described, for example, in Japanese patent disclosure 
document HE I 2-114628, and corresponding U.S. Pat- 
ent No. 5.168.021). 

[0106] In the above described coordinate system, 
based on ttie computed amount of deviation r, the wafer 
center Oc is defined as the origin of the coordinate sys- 
tem. 

(3) Computation of the coordinates of the center Or of 
the rotary support RS 



(4) Exposure 

[0110] The exposure light U (as shown in Fig 2) is 
emitted from the exposure tight exit part L01 onto the 

5 wafer W. The rotary support RS is turned and exposure 
is started proceeding from the exposure starting posi- 
tion A (one of the ends of the Ori-FIa). 
[01 1 1 ] During exposure, the angle of rotation Q of the 
rotary support RS is determined by means of the coder 

10 (not shown) of the rotary drive device M. By moving the 
X-Y support XYS at the same time in the X-direction 
and Y-direction as far as the position of the stored data 
of the coordinates (Xe, YG) of the center of rotatbn Or 
of the rotary support RS with reference to the above 

IS described angle G. the position of the center of rotation 
Or of the rotary support RS is subjected to motion con- 
trol. 

[0112] The rotary support RS is turned and moved 
until the location of the wafer W to be exposed last has 
20 been exposed. The frequency of the exposure of the 
peripheral area of the wafer W is not limited to one time. 
The peripheral area of the wafer can also be exposed 
several times. 

[0113] The linear Ori-FIa area Is then exposed In a 
25 Straight line t>y the above descrik>ed method of stepped 
exposure. 

3. Partial exposure of a wafer W provided with Ori-FIa 
(or notch N) (removal of areas to be partially exposed: 
30 separate peripheral areas) 

[01 14] In tiie case of ring-shaped exposure of part of 
the peripheral area of a wafer W provided with Orl-Ra 
OF (or notch N) as shown in Rg. 14(c), the procedure is 

35 as follows: 

(1) Peripheral edge detarnination 



[0107] In the wafer coordinate system in which the 
wafer center Oc is defined as the origin. t>ased on the 
above desaibed amount of deviation r, the coordinates 
(Xo, Yo) of the center of rotation Or of the rotary support 
RS are stored when exposure starts. 
[01 08] The coordinates (X©, Y©) of tfie center of rota- 
tion Or in the above described coordinate system in the 
case of rotation of the rotary support RS around the 
center of rotation Or by O*" are computed using the fol- 
lowing, already described formulas (1) and (2): 

X© = Xo - cosG + Yo • sinG (1) 

YG = Yo • COSG - Xo • sInG (2) 

[01 09] The coordinate data of the center of rotation Or 
of the rotary support RS which resulted by the computa- 
tion carried out in the control devk;e Gnt using the afore- 
mentioned formulas are stored in the memory Mem of 
ttie control device Gnt. 



[Ql 1 5] As in A. (1), the wafer W is placed in a preset 
position on the rotary support RS and Is held in place t>y 
means of a vacuum chuck or the like. 
[0116] Next, the X-Y support drive device SD drives 
the X-Y support. The rotary support RS is moved into 
the position shown in Rg. 12(b), and turns the wafer W 
once in a circle. The infornriation determined by the CCD 
line sensor LS about the peripheral edge position of the 
wafer W is stored in the memory Mem located in the 
control device Gnt. 

[01 1 7] Based on the infonnation about the peripheral 
edge position of the wafer W which was stored in the 
menrK)ry Mem. the control device Gnt determines the 
amount of deviation r of the center Oc of the wafer W 
from the center of rotation Or of the rotary support RS, 
determines the position of Ori-Ra OF or of the notch N 
as a singular point and stores it. 
[0118] The at>ove described amount of deviation r 
delivers information about tiie coordinates of the center 
Oc of the wafer W and information about the distance 
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between the center Oc of the wafer W and the center of 
rotation Or of the rotary support RS. 
[01 19] As was described above, in the control device 
Cnt. a coordinate system which is perpendicular to the 
direction of nx)tion of the X-Y support XYS is defined 
and furthermore the exposure width k for ring-shaped 
exposure of the wafer W and information on the angle of 
the area to be partially exposed proceeding from the 
singular point (Ori-Ra OF or notch N) are set before- 
hand and stored. 

(2) Motion of the exposure position 

[0120] Based on the above described data, the X-Y 
support XYS is driven such that the location at which 
partial exposure of the peripheral area of the wafer W is 
started is positioned at a site from which the exposure 
light emerges from the exposure light exit part L01. The 
wafer W seated on the rotary support RS is moved and 
tumed at the same time. It is preferred that the above 
desaibed starting position for partial exposure is identi- 
cal to the information about the angle of the two set 
ends of the area to be partially exposed. 
[0121] This motion control is performed based on 
information about the location irradiated with exposure 
light and the exposure width k in the above described 
rectangular coordinate system (the perpendicular coor> 
dinate system corresponding to the direction of motion 
of the X-Y support XYS) and based on information 
about tiie angle between the exposure starting position 
and the above described singular point (computation of 
information about the angle with reference to the singu- 
lar point is described for example in Japanese patent 
disclosure document HEI 2-114628. U.S. Patent No. 
5,168.021). 

[0122] In the above described coordinate system, 
based on the computed amount of deviation r the wafer 
center Oc is defined as the origin of the coordinate sys- 
tem. 

(3) Computation of the coordinates of the center Or of 
the rotary support RS 

[0123] In the wafer coordinate system in which the 
wafer center Oc is defined as the origin, based on the 
above desaibed amount of deviation r. the coordinates 
(Xo. Yo) of the center of rotation Or of the rotary support 
RS are stored when exposure starts. 
[01 24] The coordinates (Xe, Y@) of the center of rota- 
tion Or in the above described coordinate system in the 
case of rotation of the rotary support RS around the 
center of rotation Or t>y B*" are computed using the fol- 
lowing, already described formulas (1) and (2): 

X© = Xo • cosO+Yo • sin© (1) 

Y© = Yo • cos© - Xo • sin© (2) 



[01 25] The coordinates of the center of rotation Or of 
the rotary support RS which resulted by the computa- 
tion carried out in the control device Cnt using the afore- 
mentioned formulas are stored in tiie memory Mem of 
5 the control device Cnt 

(4) Exposure 

[0126] The exposure light (the exposure light U as 
10 shown in Rg. 2) is emitted from the exposure light exit 
part LOl onto the wafer W. The rotary support RS is 
turned and scposure is started proceeding from tiie 
starting position for partial exposure (one of the two 
ends of tiie region to be partially exposed). 
IS [01 27] During exposure, the angle of rotation © of tiie 
rotary support RS is determined by means of the coder 
(not shown in the drawing) of the rotary drive device M. 
By moving the X-Y support XYS at the same time in the 
X-direction and Y*direction as far as tiie position of tiie 
20 Stored data of the coordinates (X0. Y©) of the center of 
rotation Or of the rotary support RS with reference to 
tiie above descn*bed angle ©, the position of tiie center 
of rotation Or of tiie rotary support RS is subjected to 
motion control. 

25 [0128] The rotary support RS is turned and moved 
until the last location for partial exposure of the wafer W 
(the other end of tiie area to be partially exposed) has 
been exposed. The frequency of exposure of the area of 
the wafer W to be partially exposed is not limited to one 

30 time. Exposure can be done,several times. In the case 
in which exposure is done several times, furthermore 
the wafer W can be turned and moved such that essen- 
tially proceeding from the center of the area to be par- 
tially exposed exposure is started and exposure is done 

35 towards the two ends and back from them. Further- 
more, the exposure width of a certain zone can be par- 
tially changed and exposed by setting several exposure 
widttis k beforehand. 

[0129] Hie linear Ori-Ra area Is then exposed in a 
40 Straight line by the above described mefliod of stepped 
exposura 

C. Stepped exposure of part of the peripheral area of 
the wafer and ring-shaped exposure of the remainder 

45 

[0130] As was shown above using Rg. 14(d), in 
stepped exposure off part of the peripheral area of the 
wafer and ring-shaped exposure of the remainder of tiie 
peripheral area of the wafer W. in the manner descrit^ed 

50 above in A, exposure is first performed in a step-shape, 
while the peripheral area of the wafer W is exposed in a 
ring-shape in the manner described in B. 
[0131] In this case, in stepped exposure or ring- 
shaped exposure, determination of the peripheral edge 

55 of the wafer W is performed. The position of the Ori-Ra 
OF. of the notch N or the like is determined as a singular 
point and together witti the amount of deviation r of tiie 
center Oc of the wafer W from the center of rotation Or 
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of the rotary support RS is stored in the control device 
Cnt. Therefore, in ring-shaped or stepped exposure, the 
above described data can be used unchanged. 
[01 32] In the above described embodiments, the coor- 
dinates of the center of rotation Or with reference to the s 
angle of rotation e of the rotary support RS are com- 
puted beforehand and stored as coordinate data in the 
control device Cnt. During exposure the angle of rota- 
tion e of the rotary support RS is determined, the coor- 
dinates of the center of rotation Or of the rotary sup^rt 10 
RS are read out with respect to this angle and move- Claims 
ment and control of the position of the center of rotation 
Or of the rotary support RS are done. However, the 
position coordinates of the center of rotation Or off the 
rotary support RS can also be computed in increments, is 
[01 33] This means that, during exposure, the angle of 
rotation 0 of the rotary support RS is determined by the 
coder of the rotary drive device M by turning the rotary 
support RS. The coordinates of the Or (X@, Ye) are 
computed in steps and the X-Y support XYS is control- 20 
led in such a way that the center of rotation OR of the 
rotary support RS reaches these position coordinates. 
To carry out this process, a fast computer is needed. 
[01 34] Since, in practice, in the range of 0 = 0 to 360® 
some coordinates {X©, Y0) of the center of rotation Or 25 
of the rotary support RS are computed and the rotary 
support RS moved, in an exact sense, a purely ring- 
shaped exposure Is not performed, but rather a polygo- 
nal exposure is produced. However, if the coordinates of 
the Or (Xe, Ye) are taken so accurately that the ring 30 
shape Is approached in practice Qf, for example, e » 
0.1*" a resulting polygon with 3600 corners approaches 
a circle) so that there is no problem. 
[0135] In the above described computation of the 
coordinates pc©, Ye) of the center of rotation Or. the 35 
length of the computation has no adverse effect on the 
throughput if the computation is performed using the 
time in which the wafer W is moved to the exposure 
position. 

[0136] As was descrit)ed above, according to the 40 
invention, the following effects can be obtained. 

(1) Two exposure devices are not necessary, spe- 
cifically one device for stepped exposure of the 
peripheral area of a wafer and one device for ring- 45 
shaped exposure of the peripheral area. The 
peripheral area of the wafer can be exposed both in 
a step-shape and also ring-shape with a single 
device. Therefore, the area occupied by the device 
can be reduced, as can equipment costs. so 

(2) In the case of stepped exposure of one part of 
the peripheral area of the wafer and ring-shaped 
exposure of the other part thereof, the wafer need 
not be transported. Furthermore, the peripheral 
edge of the wafer need be determined only once, ss 
Therefore, throughput can be increased. 

(3) Using a device for stepped exposure of the 
peripheral area of the wafer, the peripheral area of 



s^^^d i 



the wafer can be exp5Sed in a ring shape without 
using a memory with a high capacity. 
(4) The peripheral area of the wafer can be exposed 
in a ring shape without bringing the wafer center 
arKi the center of the rotary support into agreement 
with one another. Therefore, a centering device is 
unnecessary. The centering process is eliminated 
so that both the device and actuation can be simpli- 
fied. 



Device for exposing a peripheral area of a semicon- 
ductor wafer which has an edge portion which is 
provided with a singular orienting shape and the 
wafer having a photoresist and alignment marks on 
a surface thereof, said device comprising: 

a rotary support on which a wafer is seated and 
which turns the wafer; 

an X-Y support which moves the rotary support 
parallel to the surtece of the wafer in two 
orthogonally intersecting directions; 
an exposure light irradiation means for irradiat- 
ing the wafer with exposure light, 
a means for determining the position of periph- 
eral edge of the wafer on the turning rotary sup- 
port and producing position outputs relating to 
the position of the peripheral edge of the wafer; 
an alignment unit for determining the position 
of tiie alignment marks on the wafer and pro- 
ducing alignment outputs relating to the posi- 
tion coordinates of the alignment marks on the 
wafer: 

a control means which, on the basis of said 
position outputs from the means for determin- 
ing the position of the peripheral edge of the 
wafer and on said alignment outputs of the 
alignment unit, drives the X-Y support and 
turns the rotary support saki control means 
comprising: 

a first computing means which based on the 
position outputs of the means for determining 
the position of the peripheral edge of the wafer 
determines the amount of deviation of the 
center of rotation of the rotary support from the 
wafer center, information about the position of 
the peripheral edge of the wafer and the posi- 
tion of the singular orienting shape formed at 
said edge p>ortion of the wafer; 
a second confuting means which, based on 
the position coordinates of the alignment 
marks determined by the alignment unit, based 
on tiie amount of deviation determined by the 
first oornputing means, based on information 
about the position of the peripheral edge of the 
wafer, and based on tiie position of the singular 
orienting shape, computes the position of the 
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X-Y support in stepped exposure of the periph- 
eral area of the wafer and the angle of rotation 
of the rotary support; and 
a third computing means which, based on a 
predetermined exposure width proceeding 
from the edge of the wafer, based on the 
amount of deviation determined by the first 
computing means, based on information about 
the position of the peripheral edge of the wafer 
and based on the position of the singular ori- 
anting shape, computes position coordinates off 
the center of rotation of the rotary support 
which are needed to keep the distance 
between the wafer center and the exposure 
light always constant when the peripheral area 
of the wafer is exposed in a ring shape; 
means for controlling the position of the rotary 
support and the angle of rotation based on out- 
puts of the second computing means and the 
third computing means; and 
means for causing the peripheral area of the 
wafer to be exposed in at least one of a step- 
shape and a ring-shape by irradiation of the 
wafer with exposure light from the exposure 
light irradiation means. 



IS 
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25 



Y© = Yo • cos© - Xo • sin© 



wherein, based on the outputs of the second com- 
puting means, the position of the rotary support and 
the rotation angle of the rotary support are control- 
led to predetermined values; wherein the wrafer is 
irradiated with exposure light from the exposure 
light irradiation means; wherein the peripheral area 
of the wafer is exposed in a step-shape; wherein, 
when the rotary support is turned by ©**. the X-Y 
support is driven and the center of the rotary sup- 
port is moved to the coordinate positions which 
were computed by means of the third computing 
means; wherein the wafer is irradiated with the 
ecposure light from the exposure light irradiation 
means; and wherein the peripheral area of the 
wafer is exposed in a ring shape. 



Device for exposing the peripheral area of a wafer 
as claimed In claim 1. wherein tfie exposure light 
irradiation means Is configured so as to irradiate an 
area which extends at an angle of 45*" to orthogo- so 
nally intersecting scanning directions which run 
perpendicular to an incidence direction of the expo- 
sure light; arxi wherein the irradiation means is con- 
figured such tiiat it irradiates an area at least one 
end of which has a rectangular contour, one side of 35 
the rectangular contour running parallel to one of 
the scanning directions and another side running 
parallel to the other scanning direction. 

Device as claimed in claim 1 or 2. wherein the third 40 
computing means determines the position coordi- 
nates (Xo, Yo) of the center of rotation of the rotary 
support when exposure starts in a wafer coordinate 
system in which the wafer center represents the ori- 
gin, when the peripheral area of the wafer is 45 
exposed in a ring shape based on a predetermined 
exposure width, proceeding from the peripheral 
edge of the wafer, based on the amount of deviation 
determined by the first computing means, based on 
information about the position of the peripheral so 
edge of the wafer and about the position of the sin- 
gular orienting shape; wherein coordinates pC©, 
Y©) of the center of the rotary support in this wafer 
coordinate system, in the case of rotation of wafer 
by e degrees, are conputed using the following for- ss 
mulas. 



X© = Xo • cos© + Yo • sin© 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 12(a) 
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